A series of experiments were conducted with turkey poults to ascertain the effects of supplemental chromium or excesses of nicotinic acid on growth and carbohydrate metabolism. A 23% protein starter diet was selected to emphasize the effect of chromium under basal, starvation for 48 hr, and refeeding periods. Thirty percent protein diets were also used to determine if the effects were compounded by protein levels. Supplemental chromium (20 ppm) significantly increased (P<.05) weight at 3 weeks of age of poults consuming 23% protein diets, while an additional 250 ppm of nicotinic acid had little effect on poult weight at 3 weeks (P>.05). Supplemental chromium did not increase (P>.05) feed consumption of poults consuming both 23 and 30% protein diets. Supplemental chromium increased liver glycogen at 3 weeks of age and following refeeding after the 48 hr fast (P<.05). Blood glucose was significantly affected by starvationrefeeding (P<.05) but was not affected by either chromium or nicotinic acid. Supplemental chromium increased (P<.01) active glycogen synthetase, while nicotinic acid increased (P<.01) active phosphorylase at both protein levels. Synthetase was not decreased by starvation but was increased (P<.01) by refeeding regardless of protein level fed. Phosphorylase was not affected by a starvationrefeeding regimen. Chromium supplementation increased the in vitro incorporation of ( 14 C) glucose into glycogen during basal, starvation and refeeding periods (P<.01), again, regardless of protein level.
INTRODUCTION
We have previously reported that supplemental chromium (as Cr +3 ) or nicotinic acid enhances growth rate and feed efficiency of turkey poults (Steele and Rosebrough, 1979) . The lack of an additive effect of feeding chromium or nicotinic acid suggests that there is no potentiation of the chromium effect by the formation of the "glucose tolerance factor" (Steele and Rosebrough, 1979) . Our previous report also suggests that both chromium and additional nicotinic acid in poult starter diets may increase growth rate and feed efficiency, although mechanisms may be different.
In mammals, there is a direct relationship between the chromium nutritional state of the animal and the subsequent response of its adipose tissue in vitro to small doses of insulin. The maximum effect of chromium occurs when glucose is used as a lipogenic precursor and when diabetic animals are used (Mertz et al., 1961) . Several modes of action for the apparent interaction between insulin and chromium have been proposed. Chromium may act to: 1) increase the rate of glucose entry into the cell by increasing the rate constant of facilitated diffusion (Mertz and Roginski, 1963) ; 2) increase the binding of insulin to target tissue (Mertz, 1969) by functioning as a cofactor for the carrier protein involved in the facilitated-diffusion transport of glucose; or 3) facilitate the oxidation of sulfhydryl groups during glucose transport (Fong et al., 1962) .
Little work has been done on the chromium state of the animal and its glycogen state. Glucose carbon incorporation into glycogen in rats was enhanced almost twofold by the inclusion of chromium in the diet (Roginski and Mertz, 1969) . Chromium-supplemented rats also appear to conserve more glycogen during fasting than do unsupplemented rats (Roginski and Mertz, 1969) .
The role of nicotinic acid on carbohydrate metabolism may ultimately be shown to be opposite that of chromium, since nicotinic acid increases the utilization of carbohydrates (glycogen) by skeletal muscle and, therefore, decreases the mobilization of fatty acids from adipose tissue (Bergstrom et al, 1969) . It is important to note that the effect of nicotinic acid in the latter article appears to be a drug-like effect (glycogen mobilization) and is separate from the vitamin requirement for growth.
The purpose of these experiments was to determine the effects of supplemental trivalent chromium (20 ppm) or additional nicotinic acid (250 ppm) on liver carbohydrate metabolism at the end of a 3 week-growing period, at the end of 48 hr of starvation, and following 24 hr of refeeding. Two levels of protein (30 and 23%) were fed to ensure that the starvation-refeeding response, as affected by either chromium or nicotinic acid, was not complicated by protein level. We used a moderately low (23%) protein level, since Roginski and Mertz (1969) have reported that low protein diets emphasize the effects of supplemental chromium on rat carbohydrate metabolism. Since we have previously reported (Steele and Rosebrough, 1979 ) that chromium and additional nicotinic acid improve poults performance when fed in conjunction with a 28% protein diet, we were interested to learn if these effects could be repeated and if carbohydrate metabolism could be affected by supplemental chromium at two protein levels.
Since the effect of insulin on carbohydrate metabolism may be minimal in the bird, the effect of supplemental chromium on the starvation-refeeding response could be studied without the confounding of the insulin-overshoot noted in mammals. Finally, an experiment was designed to test the hypothesis that supplemental dietary chromium would increase in vitro incorporation of glucose into glycogen.
EXPERIMENTAL PROCEDURE
Animals. A series of 3-week feeding trials were conducted with Large White turkey poults. At one-day of age, poults were randomly assigned to pens in electrically heated starter batteries. The poults were fed either a 23 or 30% protein diet supplemented with either 20 ppm trivalent chromium (CrCl 3 ) or 250 additional ppm nicotinic acid (Table 1) . Unsupplemented control diets for each protein level were also fed. Feed and water were available ad libitum throughout the 3-week periods. A continuous lighting schedule was also maintained throughout the periods. Experiment 1. Seventy-two pens containing 12 poults each were fed one of the six dietary treatments for 3 weeks (12 replicates/treatment). At the end of this period, the pens of poults were weighed and three poults from each pen Provides selenium . 1 mg/kg of diet.
Provides per kilogram of diet: Mn, 100 mg; Fe, 100 mg; Cu, 10 mg; Co, 1 mg; I, 3 mg; Zn, 100 mg; Ca, 89 mg.
c Provides per kilogram of diet: vitamin A, 12,000 IU; vitamin D 3 , 3,000 ICU; vitamin E, 37.5 IU; riboflavin, 10 mg; pantothenic acid, 20 mg; choline, 2 g; nicotinic acid, 100 mg; thiamine, 10 mg; pyridoxine, 10 mg; vitamin K, 1.5 mg; vitamin B 12 , 100 jug; folic acid, 2 mg; ethoxyquin, 150 mg.
When added gave 20 mg Cr +3 /kg of diet.
When added gave 250 mg/kg of diet in addition to that provided by premix. were bled via heart puncture and then sacrificed. The livers were quickly excised and frozen in liquid nitrogen. The remainder of the poults in each pen were fasted for 48 hr with free access to water. At the end of the fast, poults from each pen were selected and treated as previously described. The remaining poults were then refed for 24 hr, weighed, and sacrificed. Livers were rapidly frozen in liquid N 2 . Liver samples were stored at -70 C and blood samples at -20 C until analyzed for glycogen and glucose, respectively. Glycogen was analyzed by homogenizing pulverized liver samples in 10 volumes of 100 mM sodium acetate (pH 4.5) containing 1 mg/ml amyloglucosidase and incubating the homogenates at 55 C for 60 min. Glucose was then determined by using the glucose oxidaseperoxidase method of Hill and Kessler (1961) . Free glucose in the liver (5 mg/g) was subtracted from total glucosyl residues and the result designated as glycogen; this value was then corrected for body weight and expressed as mg/100 g of body weight (Freedland, 1967) . Concentrations for glycogen and glucose were expressed on a pen mean basis (3 poults/pen). Experiment 2. The same protocol was followed as in the above experiment except that glycogen cycle enzymes (synthetase; EC 2.4.2.21 and phosphorylase; EC 2.2.4.1.1) were ascertained in the livers. Pulverized livers were homogenized in 5 volumes of 100 mM glyclyglycine (pH 7.8) containing 5 mM EDTA and 10 mM mercaptoethanol. The homogenates were centrifuged at 8,000 X g for 30 min and kept at 0 C until assayed for enzyme activity.
Glycogen synthetase was measured according to a modification of the method of Smith et al. (1972) . The reaction was initiated by adding .02 ml of the chilled supernatant fraction to .1 ml of a medium containing 100 mM glycylglycine (pH 7.8), 100 mM NaF, 20 mM EDTA, 4 mM (U-14 C) uridine diphosphoglucose (specific activity 100 jUCi/mmole), 10 mM mercatoethanol and 10 mg/ml rabbit liver glycogen. Sodium sulfate (10 mM) was added to insure that only active synthetase was being assayed (Devos and Hers, 1974) . After incubation at 25 C for 30 min, the reaction was stopped by adding 5 ml of 66% ethanol containing 100 mM ammonium acetate and then filtering the contents through glass fiber filters (Whatman GF/C) 1 . Radioactivity on the filters was counted by liquid scintillation spectroscopy. Enzyme activity (micromoles of glucose incorporated per minute into glycogen) was expressed per 100 g of body weight (Freedland, 1967) .
Glycogen phosphorylase was assayed in the direction of glycogen synthesis by a modification of the method of Wang and Esmann (1972) . The reaction was initiated by adding .02 ml of the chilled supernatant to .1 ml of a medium containing 50 mM MES (pH 6.1), 100 mM (U-14 C) glucose-1-phosphate (specific activity 5 jUCi/mmole, 10 mM mercaptoethanol, 100 mM NaF, 20 mM EDTA, and 10 mg/ml rabbit liver glycogen. Phosphorylase was assayed in the presence of 10 mM caffeine to inhibit phosphorylase b and insure assay of active phosphorylase. Reaction time, temperature and expression of enzyme activity were the same as the glycogen synthetase.
Experiment 3. Thirty-two pens of 12 poults each were fed two levels of a protein (23 or 30%) with or without chromium supplementation for 3 weeks. Two birds from each pen were randomly selected and sacrificed. The livers were removed and placed in warm KrebsRinger bicarbonate buffer (pH 7.4). Liver slices were prepared with a Stadie-Riggs microtome and incubated at 39 C in Krebs-Ringer bicarbonate buffer containing 10 mM sodium acetate, 5 mM glucose, 10 mM HEPES, 1 /uCi (U-14 C) glucose, and 2% bovine serum albumin. At the end of 2 hr, liver slices were placed in 2 ml of 30% KOH and heated at 100 C for 60 min. Glycogen was precipitated with 66% EtOH containing 100 mM ammonium acetate and dissolved in 1 ml of 4N HCl. The contents were then dispersed in 10 ml of Aquasol-2 and counted by liquid scintillation spectroscopy. Activity was expressed as umoles of glucose incorporated per hour into glycogen per 100 g of body weight. The latter factor was found to be helpful in overcoming differences in liver size.
The remaining birds in each pen were starved for 48 hr. Again, 2 birds from each pen were sacrificed and liver samples were taken for incubation as previously described. Poults were then refed for 24 hr and 2 poults taken from each pen for liver incubation studies.
Analysis of Data. All data were converted to pen means, since the pen was the experimental unit in these studies. Data for all three experiments were analyzed as a nested design with dietary treatments nested in the three periods (basal, starvation, and refed) for each protein level. Significance of comparisons of dietary treatments could only be made within the three periods. The residual standard deviation was obtained from the analysis of variance as described by Kirk (1968) .
RESULTS AND DISCUSSION
When data for all three experiments were pooled and corrected for seasonal effects, chromium supplementation increased (P<.05) the weight of 3-week-old poults consuming 23% protein when compared to the unsupplemented 23% protein diet (470 g vs. 435 g). In contrast, nicotinic acid supplementation (an additional 250 ppm over the 100 ppm already present) did not increase weight (435 g vs. 435 g). Likewise, pooling feed consumption values for 3 weeks for poults consuming the chromium-supplemented-23% protein diet revealed that they ate more (P<.05) than poults consuming the unsupplemented 23% protein diet (649 g vs. 582 g). Additional nicotinic acid did not affect feed consumption (593 g vs. 582 g) for the 3 week period.
Pooling of data for poults consuming 30% protein diets shows that chromium supplementation did not increase (P>.05) the weight of 3-week-old poults when compared to the unsupplemented 30% protein diet (559 g vs. 5 32 g). Supplemental nicotinic acid (an additional 250 ppm) resulted in poults which were nearly identical in weight to the unsupplemented 30% protein group (535 g vs. 532 g). Supplemental chromium also increased (P<.05) feed consumption of poults consuming 30% protein (746 g vs. 687 g) when compared to the unsupplemented group. Again, additional nicotinic acid did not affect feed consumption (673 g vs. 687 g).
Caution must be exercised in interpreting these results as the exact chromium content of the basal 23 and 30% protein diets was not determined and the requirement of the poult for chromium as determined from growth on purified diets likewise has not been determined. At this time, it would only be speculative to infer than chromium is required for growth by the poult; however, the data in this report show that supplemental chromium may increase the feed intake of growing poults. Davidson and Blackwell (1968) and Davidson et al. (1967) have reported impaired glucose tolerance in squirrel monkeys consuming a commercial lab chow containing 3.3 ppm chromium, which was improved by adding 10 ppm trivalent chromium to the drinking water. It is therefore possible that much of the naturally occurrring dietary chromium exists in a nonutilizable form (Farkas and Roberson, 1965; Mertz and Schwarz, 1959) . These findings with squirrel monkeys indicate a species-dependent response to chromium, since rats respond best to chromium when maintained on diets using Torula yeast as a protein source (Schroeder, 1965) . Furthermore, the increase in glucose tolerance noted by feeding supplemental chromium to rats required the use of rats, which were marginally malnourished, whereas the effect of chromium on the squirrel monkey was noticed in a monkey consuming normal lab chow. Gurson and Saner (1973) have reported that weight gain of children following chromium supplementation was not accompanied by changes in glucose tolerance. These reports indicate that weight changes and alterations in glucose metobolism following chromium supplementation can be separated from each other. Furthermore, the effects of chromium can be seen in animals consuming "natural diets," although the improvement in glucose tolerance is greatest in the diabetic rat.
Weights of poults following starvation and refeeding, although apparently affected by dietary treatments, were not tested for statistical significance since variations in gut fill could not be accounted for during the starvation and refeeding periods.
Supplemental chromium, at both protein levels, increased (P<.01) liver glycogen during the basal and refeeding periods, but not following the starvation period, when compared to supplemental nicotinic acid (Tables 2 and 3 ). The additional nicotinic acid appears to depress (P<.01) the overshoot in glycogen synthesis during refeeding, since glycogen concentrations were lower than those of controls on both protein levels. While blood glucose concentrations were not influenced by dietary treatments, they were increased (P<.05) by a starvationrefeeding regimen when compared to basal concentrations.
This report also supplements previous reports Begin, 1975, 1976; Rosebrough et ah, 1978) in which we have described the developmental significance of glycogen to birds and its possible control by nutritional variables. Glycogen reserves in 21- ' ' Means within a sampling time within a parameter followed by a common superscript are not statistically different (P>.05).
•Significance of weight and feed intake values were only calculated for the inital 3 week period to avoid complication of gut fill.
day-old poults are lower than those of younger poults and indicate that glycogen synthesized during the posthatching period may be used to maintain glucose homeostasis during the period of rapid growth. In this report we have shown that liver glycogen in the older poult is susceptible to manipulations such as starvation-refeeding. In contrast to the mammal, the refeeding response in birds is not moderated by changes in plasma insulin (Hazlewood, 1971 ). It appears that at least part of the refeeding response may be due to an increase in the availability of glycogen precursors irrespective of any hormonal effects. An examination of the effect of supplemental chromium on liver glycogen reveals that the effect is not altered by protein level fed. It is therefore not possible, apparently, to attribute the affect of chromium on 21-day weights solely to an improvement in glucose utilization.
The effects of supplemental chromium or nicotinic acid on the active forms of glycogen synthetase and phosphorylase are illustrated in Tables 4 and 5 . The addition of chromium increased (P<.01) synthetase activity in all three periods in comparison to the other treatment groups regardless of protein level fed. Starvation did not decrease (P>.05) synthetase activity in any of the treatment groups; however, refeeding increased (P<.01) synthetase activity in all groups, regardless of protein level fed.
The increase in glycogen synthetase elicited by feeding chromium suggests that supplemental chromium affects a regulatory enzyme in glycogen synthesis. In this respect, the effect of chromium in aves can be compared to that of insulin in mammals since Miller (1978) has shown that insulin treatment of rats increases the ability of heart muscle to activate glycogen synthetase.
Another factor to be considered is the effect of chromium on various activators of glycogen synthetase such as glucose-6-phosphate. We have previously reported that multiple forms of glucose-6-phosphate-dependent synthetase exist in the developing poult and that the so-called active synthetase approximates a form under the allosteric control of physiological concentrations of glucose-6-phosphate . Moreover, the effect of chromium supplementation on glycogen metabolism in vivo or in vitro was not due to carbohydrate intake differences, since feed intakes during refeeding periods were similar for supplemented and unsupplemented poults (not reported).
Phosphorylase activity was not affected by starvation and only slightly so by dietary chromium in the basal period. Phosphorylase activity was increased (P<.01) by nicotinic acid in all three periods, again, regardless of protein level fed. In contrast to the results with synthetase, refeeding did not alter phosphorylase activity.
The effect of supplemental nicotinic acid on carbohydrate metabolism appears to be opposite that of chromium and supports our original contention (Steele and Rosebrough, 1979 ) that a synergism between chromium and nicotinic acid may not be present in aves. By increasing phosphorylase activity, nicotinic acid promotes glycogen degradation, and not accumulation, as does chromium. In this respect, our results are consistent with those of Bergstrom et al. (1969) , which showed that high levels of nicotinic acid promote glycogen degradation.
The increase in phosphorylase caused by feeding high levels of nicotinic acid and the increase in synthetase caused by feeding supplemental chromium indicate that the regulation of glycogen synthesis by the poult may be separated into dietary controls of synthesis and degradation without interactions between the two as proposed by Hue et al. (1975) . Tables 6 and 7 show that supplemental dietary chromium increased (P<.01) glucosecarbon incorporation into glycogen in vitro at all three sampling times again, regardless of protein level fed. The stimulatory effect of dietary chromium in promoting glycogen resynthesis was especially evident during the refeeding period, since liver slices from chromium-supplemented poults synthesized glycogen at three times the rate of the controls. In fact, during the refeeding period, the liver slices from the controls had glycogen synthetic rates which were not different (P>.05) than rates during the starvation period.
The results of this study also show that starvation decreases in vitro incorporation of glucose into glycogen yet does not decrease synthetase activity. Kaslow and Mayer (1979) have reported that many factors, such as glucose-6-phosphate activity ratios and indices of cooperativity (Hill plots) , are required to adequately describe synthetase during starvation. It is probable that during starvation periods, glucose uptake into glycogen is a better 
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indication of glycogen metabolism than is enzyme activity. Although supplemental chromium enhanced glycogen synthesis both in vivo and in vitro, the mode of action is difficult to explain and must be inferred from mammalian studies. It is also unclear at the present time if the effect of chromium on birds is due to a potentiation of any endogenous insulin or to a para hormonelike activity attributable solely to chromium. The in vitro incorporation of glucose into glycogen suggests that chromium increases glucose transport, a finding which would agree with the hypothesis of Mertz and Roginski (1963) . However, further work by Roginski and Mertz (1969) demonstrated that the influence of chromium on mammalian glycogen metabolism was clearly tied to that of insulin.
